Attempts were made to optimize variables affecting the yield of linseed oil biodiesel in a base catalyzed transesterifi cation reaction. The variables studied were reaction temperature (40-70 o C), catalyst (NaOH) concentration (0.1-1.5%) and reaction time (30-180 min). The conversion of linseed oil into methyl esters was confi rmed through analytical methods like 1 H NMR, gas chromatography (GC) and refractometer. The maximum biodiesel yield (97±1.045% w/w) was obtained at 0.5% catalyst concentration, 65 o C temperature, 180 min reaction time and 6:1 molar ratio of methanol to oil. 1 H NMR confi rmed the practically obtained % conversion of triglycerides into methyl esters which was further evidenced by refractometer analyses. The refractive index of biodiesel samples was lower than pure linseed oil. GC analysis confi rmed the presence of linolenic acid (C18:3) as the dominant fatty acid (68 wt. %) followed by oleic acid (C18:1), linoleic acid (C18:2) and stearic acid (C18:0) respectively. The physical properties of linseed oil biodiesel like specifi c gravity (0.90 g/cm 3 ) and fl ash point (177 o C) were higher than American Society for Testing and Materials standards (ASTM 6751) for biodiesel. However, kinematic viscosity (3.752 mm 2 /s) was in the range of ASTM standards.
INTRODUCTION
The optimization of biodiesel production from vegetable oil is a several-step process, and is greatly dependant on oil quality of a particular plant species. Previous studies showed that catalyst concentration, temperature and methanol/oil molar ratio are important variables that impact the quality and biodiesel yield in transesterifi cation 1 . The stoichemistry of transesterfi cation reaction involves 3 mol of methanol/mol of triglyceride ensuing in 3 mol of ester and single mol of the glycerol. Therefore, the degree of transesterifi cation and other associated side reactions are dependent on the type of feedstock, catalyst concentration, alcohol/oil molar ratio and temperature of the reaction 2 . Linseed (Linum usitatissimum L.) belonging to Linaceae is an annual dicotylednous crop, which is cultivated in Pakistan either for seed oil or fi ber. Linseed oil is considered as drying oil and frequently used in varnishes and paints. Although linseed oil is edible, its utilization is very limited due to its strong odor and fl avor.
The aim of the current investigation was to determine the optimum conditions for the production of linseed oil fatty acid methyl esters via base (NaOH) catalyzed transesterifi cation, and its confi rmation by analytical techniques like 1 H NMR, GC and refractometer.
EXPERIMENTAL
Certifi ed seeds of linseed (Linum usitatissimum L.) cv. Chandni, obtained from National Agriculture Research Centre Islamabad, Pakistan, were dried by incubating the seeds overnight in an oven at 30 o C. The oil was extracted in petroleum ether using a soxhlet apparatus. The oil acid value (mg of KOH/g of oil), free fatty acid content (as oleic acid %), saponifi cation number (mg of KOH/g of oil) and iodine number (g I/100 of oil) was determined according to AOAC 3 . Specifi c gravity (g/cm 3 ) was determined using a density bottle according to Pearson 4 . Oil pH was determined by placing 2 gm of the oil sample into a clean dry 25 mL beaker. 25 mL of hot distilled water was added to the sample in the beaker and stirred slowly for a few min. The stirred mixture was cooled to 25 o C in a water bath. The pH electrode was standardized with buffer solution, immersed into the sample and the pH value was recorded
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. For biodiesel production, the crude oil was subjected to base catalyzed transesterifi cation. The pellets of sodium hydroxide at 0.1%, 0.3, 0.5, 1 and 1.5% (w/w oil) were dissolved in methanol, mixed with oil and stirred on a magnetic stirrer. The molar ratio of methanol to oil was 6:1. Reaction was conducted at temperatures varying from 40, 50, 60, 65 and 70 o C. The reaction was proceeded for 30-180 min. After the completion of transesterifi cation reaction, the mixture was placed overnight to separate the biodiesel and glycerin phases. To remove the excess of methanol, catalyst and soap produced during the reaction, biodiesel phase was washed with warm distilled water and subsequently dried by using RFE at 120 rpm for 1h at 35 o C. The yield of biodiesel was determined on % w/w conversion of linseed oil to biodiesel 6 . The protocol optimized for maximum conversion of linseed oil into biodiesel was confi rmed by 1 H NMR, GC and refractometer. The 1 H NMR analyses were performed on Avan CE 300 MHz spectrometer equipped with 5 mm BBO probes at 7.05 T.
The equation used to quantify the yield of transesterifi cation was: C = 100 × 2AMe/3ACH 2 Where C = percentage conversion of triglycerides to corresponding methyl esters, AMe = integration value of the methoxy protons of the methyl esters and ACH 2 = integration value of α-methylene protons
The refractive index of pure oil as well as biodiesel samples was determined by Abbe refractometer.
The linseed oil biodiesel fatty acid composition was determined via a gas chromatograph (Shimadzu QP 5050) equipped with a fl ame ionizing detector (FID) and a fused Figure 1 . Biodiesel yield at different reaction times (min) for 0.5% NaOH concentration, 500 rpm stirring speed and 6:1 molar ratio of methanol to oil . The specifi c gravity (15°C) was measured by ASTM D 287. The kinematic viscosity was determined at 40°C, using a viscometer according to ASTM D 445. The fl ash point was determined by a Pensky-Martens closed-cup tester using ASTM D 93. Cloud and pour point were determined using ASTM D 2500 and ASTM D 97 respectively.
RESULTS AND DISCUSSION
The linseed oil used in the experiment possessed an acid value of 1.60 (mg of KOHg/ of oil), free fatty acid content 0.80% (as oleic acid), saponifi cation number 189 (mg of KOH/g of oil), iodine value173 (g I/100 of oil), specifi c gravity 0.93 (g/cm 3 ) and pH of 6. During the present investigation, it was found that increase in temperature from 40 (Table 1) . Similar results for the impact of temperature and catalyst concentration on biodiesel yield in base catalyzed transesterifi cation reaction were reported by Nosheen et al 9 for mustard oil and Ahmad et al. 10 for sesame oil. The temperature, alcohol/oil molar ratio and catalyst concentration are considered crucial for optimizing the protocol for biodiesel production in an alkali catalyzed transesterifi cation. High temperature accelerates the saponifi cation of triglycerides with a subsequent decrease in biodiesel yield 11 . Therefore, transesterifi cation is favored by temperature close to the boiling point of alcohol
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. The higher concentration of the basic catalyst causes losses into biodiesel yield because excess catalyst reacts with triglycerides and results into the production of soap 13 . The maximum (80%) oil conversion into biodiesel was obtained after 30 min of reaction initiation. However, there occurred a gradual increase in the yield of biodiesel by increasing the reaction time, maximum and higher biodiesel yield (97%) was observed after 180 min of reaction initiation (Fig. 1) . The results established that 65 o C was optimum temperature to carry on successful transesterifi cation with higher biodiesel yields at 180 min reaction.
The conversion effi ciency of triglycerides to corresponding methyl esters at 0.5% catalyst concentration by using 1 H NMR was found to be 97.32% which confi rmed the practically observed yield (97%) of biodiesel. However, the 1 H NMR data (97.63 and 96.85%) did not confi rm the actual yield of biodiesel obtained practically (91 and 80% w/w) at 1% and 1.5% catalyst concentration respectively (Table 2 ). These lower biodiesel yields obtained practically in comparison to the calculated yields via 1 H NMR could be ameliorated by increasing the settling time for the product mixture and enhancing separation of glycerine and biodiesel phases through centrifugation 14 
.
Refractive index is the relation between speed of light in vacuum and speed of light through the substance
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. Therefore, the refractive index was also determined for pure linseed oil as well as its respective biodiesel samples for confi rmation of the process, conversion of triglycerides into methyl esters. The refractive index was higher (1.471 at 40 o C) for pure oil. The refractive index was also higher (1.46 at 40 o C) for biodiesel samples (prepared at 0.1 and 0.3% catalyst concentration) having reported that the biodiesel with higher amounts of glycerol exhibited higher refractive index. The biodiesel samples having the maximum methyl esters content (prepared at 0.5 and 1% catalyst concentration) exhibited lower refractive indices in the range of 1.45 (Fig. 2) . These results are in confi rmatory with those of Domínguez 17 , who reported that pure biodiesel possesses refractive index in the range of 1.45. These results are also in agreement with the previous fi ndings of Falate et al. 18 who reported that biodiesel with higher methyl esters content exhibited lower refractive index. It is therefore inferred that determination of refractive index can be useful for the confi rmation of triglycerides conversion into biodiesel.
temperature at which the fuel gets ignited and catches fi re. The fl ash point of neat biodiesel is always higher than petroleum based diesel 19 . The presence of a greater number of unsaturated fatty acids might have contributed to the higher fl ash point and specifi c gravity of linseed oil biodiesel. The presence of unsaturated fatty acid esters (<25%) having more than two double bonds are associated with higher specifi c gravity of linseed oil biodiesel 21 . These quality attributes of biodiesel can be improved by making its blends with high speed diesel (HSD) prior to utilization in compression ignition engines 22 . Moreover, improvement in fatty acid composition through breeding 23 and agrochemicals 24 may help to improve biodiesel quality of linseed.
The cloud point is the temperature at which the wax crystals appear in fuel and is related to the warmest temperature at which these will form in fuel. Whereas, the pour point is the measure of fuel gelling temperature at which the sampled fuel can no longer be pumped, and this is always lower than the cloud point
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. The cloud and pour points of linseed oil biodiesel as determined using ASTM D 2500 and ASTM D 97 were 0.00 and -7 o C respectively. According to ASTM standard D 6751, there is no specifi ed limit for the cloud point and pour point because the climatic conditions in the world vary considerably, thus greatly affecting the needs of biodiesel users in a specifi c region 6 .
ECONOMY OF LINSEED OIL BIODIESEL
The economic analysis was based on the prices of linseed oil and costs associated with process and production. It was in the range of 1.4 U.S dollar/L. This high cost was mainly due to higher prices of linseed oil in the local market. Linseed is considered as neglected oil seed crop in Pakistan, and cultivated over a small area, even so the climatic condition are much favorable for its cultivation. This cost of production is higher than existing prices of petroleum diesel (0.90 U.S dollar/L) in Pakistan. This cost of production can be reduced by utilizing the byproducts of transesterifi cation reaction like glycerin and soap, linseed stalks for fi ber and cake as fodder for cattle. Moreover, the widespread cultivation of this crop throughout the country will further reduce the cost of linseed oil biodiesel on commercial scale. Figure 3 shows the fatty acid composition of linseed oil biodiesel. Linolenic acid (C18:3) was found as the dominant fatty acid (68 wt %) followed by oleic acid (C18:1), linoleic acid (C18:2) and stearic acid (C18:0) respectively. It was evident from the results that major portion of linseed oil biodiesel was composed of unsaturated fatty acid methyl esters.
The physical properties of biodiesel like specifi c gravity (g/cm 3 ), kinematic viscosity (mm 2 Table 3 . The specifi c gravity of linseed oil biodiesel (0.90 g/cm 3 ) was higher than ASTM standards for pure biodiesel (0.88 g/cm 3 ). The fl ash point is important with perspectives of fuel storage and transportation. It is the CONCLUSION It is inferred that 0.5% NaOH, 65 o C temperature, 180 min reaction time and 6:1 molar ratio of methanol to oil provide an ideal condition for optimizing the linseed oil conversion into methyl esters.
1 H NMR and refractometer effectively confi rmed the optimized protocol, and can help in future quality control of linseed oil biodiesel on commercial scale.
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